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Introduction
Both experimental and clinical studies demonstrate that the immune system may control cancer. [1] [2] [3] [4] This effect is most evident in the graft-versus-leukemia (GVL) effect, which is observed after allogeneic hematopoietic cell transplantation (HCT). For instance, patients with graft-versus-host disease (GVHD), especially chronic GVHD, have a lower risk of relapse compared with patients without GVHD. 1, 2, 4 Furthermore, identical twins undergoing HCT run a higher risk of relapse than recipients of grafts from human leukocyte antigen [HLA]-identical sibling donors. [5] [6] [7] T-cell depletion of bone marrow grafts, which may effectively prevent severe GVHD, increases the risk of relapse, especially in patients with chronic myeloid leukemia (CML). [8] [9] [10] More effective immunosuppression, for instance by combining cyclosporine and methotrexate, which is more effective than monotherapy to prevent GVHD, also increases the risk of leukemic relapse in some studies, although conflicting data exist. [11] [12] [13] [14] [15] A study by Bacigalupo and coworkers 16 in acute myeloid leukemia (AML) showed that a high dose of cyclosporine compared with a low dose was associated with an increased risk of leukemic relapse. This observation has been used therapeutically, and it was reported that giving a low dose of cyclosporine of short duration increased the risk of mild acute and chronic GVHD and decreased the probability of relapse after HLA-identical sibling transplantations. 17 Most studies addressed grafts from HLA-identical sibling donors, where risk factors for relapse and GVL effect have been extensively analyzed. However, the GVL effect has been less frequently evaluated using unrelated donor transplants (URD). 18 Today, approximately one-third of the patients in need of HCT have an available HLA-identical sibling to serve as a donor. The growth of donor registries worldwide has improved the overall chance that Submitted July 14, 2008; accepted November 16, 2008 . Prepublished online as Blood First Edition paper, December 4, 2008; DOI 10.1182 DOI 10. /blood-2008 The online version of this article contains a data supplement.
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BLOOD, 26 MARCH 2009 ⅐ VOLUME 113, NUMBER 13 For personal use only. on April 20, 2017 . by guest www.bloodjournal.org From a patient who lacks a family donor will be able to identify a suitable URD for transplantation. 19 With better matching due to genomic tissue typing and improved immunosuppression, outcomes using URD have approached those using HLA-identical sibling donors. [20] [21] [22] HLA-matched unrelated individuals are not identical by descent and have more genetic disparity compared with HLAgenotypical identical siblings for HLA-DPB1 that has been associated with a decreased risk of relapse, and for minor histocompatibility antigens (mHags), which may function as leukemia-associated specific antigens. [23] [24] [25] [26] It has been suggested that the GVL effect is more potent using URD compared with HLA-identical siblings, presumably related to a higher likelihood of mismatching at DPB1 and mHags. 25, 26 However, formal analysis of the potential beneficial effects of greater disparity and GVL effects is lacking. The aim of the present study was to determine whether the GVL effect is stronger in transplantations using URD, compared with HLA-identical sibling donors. If the GVL reaction is more potent in URD transplantation, and outcomes are otherwise similar, should, in patients with high-risk leukemia, a URD be selected instead of an HLA-identical sibling donor?
Methods

Data source
The CIBMTR is a research organization formed of more than 500 transplant centers worldwide that contribute detailed data on consecutive allogeneic HCT. Patients are followed longitudinally, with yearly follow-up. Computerized checks for errors, physician reviews of submitted data, and on-site audits of participating centers ensure data quality.
All patients registered with the National Marrow Donor Program (NMDP) were retrospectively contacted, and informed consent was obtained from patients in accordance with the Declaration of Helsinki for participation in the NMDP research program. Informed consent was waived by the NMDP Institutional Review Board for all deceased patients. Surviving patients who did not provide signed informed consent to allow analysis of their clinical data were excluded to adjust for the potential bias introduced by exclusion of nonconsenting surviving patients; a corrective action plan (CAP) modeling process randomly appropriately excluded the same percentage of deceased patients using a biased coin randomization with exclusion probabilities based on characteristics associated with not providing consent for use of the data in survivors.
Patient selection
The patient population consisted of adult patients (Ͼ 18 years) with AML, acute lymphoblastic leukemia (ALL), or CML undergoing an allogeneic HCT between 1995 and 2004 and reported to the CIBMTR. A total of 4099 cases fulfilling the inclusion criteria within the CIBMTR were identified. Of these, 3158 were HLA-identical siblings and 941 were 8/8 matched URD transplant recipients (high resolution matched at HLA-A, -B, -C, and -DPB1). All patients received myeloablative-conditioning regimens, methotrexate plus cyclosporine, or tacrolimus with or without other drugs for GVHD prophylaxis and had no previous transplantation. Patients receiving a T cell-depleted graft were excluded.
Study end points and definitions
The primary outcome was relapse and time to onset of leukemia recurrence. Relapse was defined by hematologic criteria for acute leukemia. Relapse for CML was defined by cytogenetic or hematologic evidence of disease. Transplantation-related mortality (TRM) was defined as death without evidence of leukemia recurrence. Patients were censored at relapse or at last follow-up. Leukemia-free survival (LFS) was defined as time to treatment failure (death or relapse); all living patients were censored at the last follow-up evaluation. Grade II-IV acute GVHD was graded according to Glücksberg criteria based on the pattern of severity of abnormalities in skin, gastrointestinal tract, and liver. 27 Chronic GVHD was diagnosed according to standard criteria. 28 Patients with evidence of donor engraftment who survived more than 90 days from transplantation were evaluated for chronic GVHD. Disease status at transplantation was classified as early, intermediate, or late. Early disease included patients undergoing HCT in first remission (acute leukemia) or first chronic phase (CML); intermediate disease was defined as second or later complete remission (acute leukemia), second or later chronic phase/accelerated phase (CML); and advanced disease included patients in relapse or primary induction failure (acute leukemia) or blast crisis (CML). For patients with AML, cytogenetic abnormalities were classified according to the classification proposed by Gale et al. 29 (7) only, Ϫ7 or del (7) ϩ other, del(11) only, del(11) ϩ other; no abnormalities included normal cytogenetics].
Statistical analysis
TRM and relapse were estimated as cumulative incidences, taking into account competing risks. Probability of LFS was calculated using the Kaplan-Meier estimator with variance estimated by the Greenwood formula. Comparison of survival curves was done using the log-rank test. In multivariate analysis, a stepwise selection procedure was performed using the proportional hazards model. The influence of acute GVHD and chronic GVHD was evaluated by treating occurrence of GVHD as a time-dependent variable. The model was built by forcing the main variables (HLA-identical sibling vs URD, acute GVHD, and chronic GVHD) into the model with adjustment for significant covariates (with the threshold 0.05) and nonsignificant variables being dropped out of the model.
The proportional hazards assumption was assessed for each variable using a time-dependent approach. Two-way interactions were checked between each selected variable and the main effects. SAS software, version 9.1 (SAS Institute, Cary, NC) was used in all analyses. Separate models were built for each disease of AML, ALL, and CML. Similarly, when studying only patients without any acute or chronic GVHD to look at the impact of URD versus HLA-identical sibling transplants, separate models were built for each disease of AML, ALL, and CML. Outcomes of TRM, relapse, and LFS were analyzed in the multivariate analysis. For each disease, a URD versus an HLA-identical sibling transplant was the main variable being forced into the model.
Results
Patients
Patient and donor characteristics are summarized in Table 1 . The median age at transplantation was 39 years in URD recipients and 38 years in HLA-identical sibling recipients. The median donor age was 36 and 37 years in the 2 groups, respectively; 36% of URD and 40% of HLA-identical sibling recipients had AML; 20% and 15% had ALL and 44% in each category had CML, respectively; 51% of URD recipients versus 70% of HLA-identical sibling recipients had early-stage disease at the time of transplantation. Peripheral blood stem cell grafts were given to 21% of URD recipients versus 43% of HLA-identical sibling recipients. Median follow-up was 72 and 60 months in the 2 groups, respectively.
GVHD and transplantation-related mortality
Grade II-IV acute GVHD was present in 52% of URD and 34% of HLA-identical sibling recipients, whereas grade III-IV acute GVHD (23) 250 (27) Female3male 728 (23) 157 (17) Female3female 659 (21) 165 (18) Unknown 9 (Ͻ 1) 0
Disease
.001 AML 1271 (40) 340 (36) ALL 483 (15) 189 (20) CML 1404 (44) 412 (44) Disease status at transplantation* Ͻ .001
Early 2203 (70) 476 (51) Intermediate 468 (15) 243 (26) Advanced 449 (14) 222 (24) Unknown
(1) 0
Karnofsky performance score Ͻ .001
678 (21) 238 (25) 90-100 2441 (77) 651 (69) Unknown 39 (1) 52 (6) Donor-recipient CMV match Ͻ .001 (24) 306 (33) D(Ϫ)/R(ϩ) 409 (13) 286 (30) D(ϩ)/R(Ϫ) 276 (9) 137 (15) D(ϩ)/R(ϩ) 1527 (48) 188 (20) Unknown 180 (6) 24 ( (15) 50 (15) AML M2 342 (28) 71 (21) AML M3 117 (10) 16 (5) AML M4 256 (21) 63 (19) AML M5 154 (13) 26 (8) AML M6 29 (2) 18 (5) AML M7 15 (1) 7 (2) Other AML 48 (4) 23 (7) Unclassified AML 76 (6) 57 (17) Characteristics of URD or HLA-identical sibling transplantations and differences between the 2 groups regarding some prognostic factors are shown. Unless otherwise indicated, all values are no. (%).
URD indicates unrelated donor; AML, acute myeloid leukemia; ALL, acute lymphoid leukemia; CML, chronic myeloid leukemia; CMV, cytomegalovirus; cy, cyclophosphamide; tbi, total body irradiation; bu, busulpan; ATG, anti-T-cell immunoglobulin; CSA, cyclosporine; MTX, methotrexate; FK506, tacrolimus; FAB, French-American-British; WBC, white blood cell; CR1, first complete remission; and GVHD, graft-versus-host disease.
*Disease status is categorized as follows: early includes AML and ALL in CR1 or CML in first chronic phase; intermediate includes AML and ALL in Ն CR2 or CML in accelerated phase or Ն second chronic phase; and advanced includes AML and ALL with relapse or primary induction failure or CML in blast crisis.
was seen in 21% and 16% in the 2 groups, respectively (Table 1) . Chronic GVHD was present in 49% in URD recipients and 42% of HLA-identical sibling recipients, respectively.
Results of univariate analysis for TRM, relapse, and LFS are shown in Table 2 . In the multivariate analysis, the relative risk for TRM was significantly increased in the URD group compared with the HLA-identical sibling group in patients with AML without acute GVHD (RR, 2.76; P Ͻ .001; Table S1 , available on the Blood website; see the Supplemental Materials link at the top of the online article). In AML patients with acute GVHD, TRM was the same in the 2 groups (RR, 1.19; P ϭ .32). The risk of TRM was similar in patients with ALL (RR, 1.19; P ϭ .25) or CML (RR, 1.02; P ϭ .85) between recipients of grafts from HLA-identical siblings or URD.
Relapse
In the univariate analysis (Table 2), the cumulative incidence of relapse was similar between patients receiving grafts from HLAidentical sibling donors or URD in AML, ALL, or CML in early, intermediate, or advanced disease (Table 2 ). In the Cox model, the relative risk of relapse was significantly increased in URD transplant recipients with AML (RR, 1.5; P ϭ .002; Figure 1A ) but not in recipients with ALL or CML (Table 3, Figure 1B ,C). Multivariate analysis, stratified by disease status, showed an increased relapse risk in the URD group for AML CR1 (RR, 1.73; P ϭ .02) and in AML patients with more advanced disease (RR, 1.37; P ϭ .04; data not shown). Risk of relapse was lower in patients (11) 60 (11) 50-100 ϫ 10 9 /L 206 (12) 49 (9) Ͼ 100 ϫ 10 9 /L 144 (8) 59 (11) Missing 219 (12) 115 (22) Median WBC at diagnosis, ϫ10 9 /L (range) 21.1 (0.1-900) 14.7 (0.3-870) .001
Duration of CR1 (for patients beyond CR1) Ͻ .001 Ͻ 6 mo 186 (35) 77 (27) 6-12 mo 92 (17) 75 (27) Ͼ 12 mo 157 (29) 98 (35) Missing 104 (19) 32 (11) Median (range), mo 8.0 (0.1-151.1) 9.6 (0.6-145.2) .008
Time from remission to transplantation (for patients in CR1) Ͻ .001 (45) 71 (39) 3-6 mo 376 (36) 77 (42) Ͼ 6 mo 134 (13) 34 (19) Missing 60 (6) 0 Median (range), mo 3.1 (0.06-46.8) 3.6 (0.2-20.5) .249
Cytogenetics: AML Ͻ .001
Good prognosis 140 (11) 35 (10) Intermediate prognosis 188 (15) 53 (16) Poor prognosis 158 (12) 60 (18) No abnormalities 469 (37) 72 (21) Unknown 316 (25) 120 (35) Cytogenetics: ALL Ͻ .001
No abnormalities 154 (32) 36 (19) Hyperdiploid 36 (7) 18 (10) Hypodiploid, t(9;22), t(4;11), t (8;14) 73 ( Grade II-IV acute GVHD 1083 (34) 485 (52) Grade III-IV acute GVHD 495 (16) 194 (21) Chronic GVHD 1308 (42) 465 (49) Characteristics of URD or HLA-identical sibling transplantations and differences between the 2 groups regarding some prognostic factors are shown. Unless otherwise indicated, all values are no. (%).
with AML, ALL, and CML in the presence of chronic GVHD. Acute GVHD had no impact on relapse risk. In patients with AML, other factors associated with an increased risk of relapse were intermediate and advanced disease stage, high white blood cell count at diagnosis (Ͼ 50 ϫ 10 9 /L), shorter duration (Ͻ 6 months) of first remission (CR1) in patients with relapse, and poor cytogenetics.
Leukemia-free survival
In the univariate analysis, URD recipients had a significantly worse leukemia-free survival (LFS) compared with HLA-identical sibling recipients with AML (early and advanced disease) and CML (advanced disease; Table 2 ). In multivariate analysis in patients with AML, the probability of LFS was lower in the URD group Differences between TRM and LFS but no difference in relapse between the 2 groups in univariate analysis are shown. Analysis is stratified by disease and disease stage; 5-year probability for treatment related mortality (TRM), relapse, and leukemia-free survival (LFS) is given (95% confidence interval).
N: Sib/URD indicates number of patients in HLA-identical sibling/unrelated donor groups; URD, unrelated donor; Sib, HLA-identical sibling; AML, acute myeloid leukemia; ALL, acute lymphoid leukemia; and CML, chronic myeloid leukemia.
†Percentage of 5-year probability. Relapse is increased in URD transplantations for AML but is similar between URD and sib for ALL and CML. The sib group was the reference group.
URD indicates unrelated donor; sib, HLA-identical sibling; AML, acute myeloid leukemia; ALL, acute lymphoid leukemia; CML, chronic myeloid leukemia, GVHD, graft-versus-host disease; CI, confidence interval; WBC, white blood cell; and CR1, first complete remission.
* For personal use only. on April 20, 2017 . by guest www.bloodjournal.org From compared with the HLA-identical sibling group in patients with no acute GVHD (RR, 2.02; P Ͻ .001; Figure 2A) . However, in patients with acute GVHD, LFS tended to be higher, although not statistically significant (RR, 1.27; P ϭ .072; Table 4 ). Other factors associated with poor LFS were high WBC count at diagnosis (Ͼ 50 ϫ 10 9 /L), shorter duration (Ͻ 6 months) of CR1 in AML with relapse, poor-risk cytogenetics, and GVHD prophylaxis with cyclosporine plus methotrexate plus or minus other (vs tacrolimus ϩ other Ϯ other).
In patients with ALL and CML, there was no difference in LFS between recipients of URD transplants and HLA-identical sibling transplants (Table 4 , Figure 2B ,C). In patients with CML, presence of acute GVHD (RR, 1.91; P Ͻ .001) and chronic GVHD (RR, 1.21; P ϭ .043) were associated with a lower probability of LFS in the multivariate analysis (Table 4) .
Relapse and leukemia-free survival in patients without acute and/or chronic GVHD
In patients without any acute and/or chronic GVHD, in multivariate analysis there was no difference in relapse risk in patients with AML, ALL, or CML, regardless of donor type (Table 5) . Increased relapse was seen in patients with shorter duration of CR1 (Ͻ 6 months) and poor-risk cytogenetics (in AML), high WBC count (Ͼ 50 ϫ 10 9 /L) at diagnosis (in ALL), and with intermediate and advanced disease stage (in CML). In the multivariate analysis, the URD group had a lower probability of LFS in patients with all 3 diseases (Table 6 ).
Discussion
Although it is true that disease relapse remains the number one cause of treatment failure, it is followed very closely behind by GVHD. Indeed, in this study, TRM accounts for more deaths than does disease relapse (Table 2) . Therefore, clinical GVHD and (B) Adjusted probability of leukemia-free survival in patients with ALL receiving grafts from HLA-identical siblings or an unrelated donor (P ϭ .67). (C) Adjusted probability of leukemia-free survival in patients with CML receiving grafts from HLA-identical siblings or an unrelated donor (P ϭ .17). LFS is decreased in URD transplantations for AML without acute GVHD but is similar between URD and sib transplants for ALL and CML. RR for reference group (sib) is 1.0.
URD indicates unrelated donor; sib, HLA-identical sibling; AML, acute myeloid leukemia; ALL, acute lymphoid leukemia; CML, chronic myeloid leukemia; GVHD, graft-versus-host disease; CI, confidence interval; WBC, white blood cell; and CR1, first complete remission.
*Interaction present between donor source and aGVHD. Model also adjusted for GVHD prophylaxis, WBC count, duration of CR1, and cytogenetics and stratified by disease stage, graft type, and Karnofsky score.
†Model also adjusted for patient's age and stratified by disease stage, graft type, and Karnofsky score.
‡Model also adjusted for patient age and time from diagnosis to transplantation, and stratified by disease stage, graft type, and Karnofsky score. In patients without acute and chronic GVHD, relapse is similar for AML, ALL, and CML between URD and HLA-identical sibling transplations. RR for reference group (sib) is 1.0.
*Model adjusted for duration of CR1 and cytogenetics, and stratified by disease stage, Karnofsky score, and graft type.
†Model also adjusted for WBC count at diagnosis and stratified by disease stage, Karnofsky score, and graft type.
‡Model also adjusted for disease stage and stratified by Karnofsky score and graft type.
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BLOOD, 26 MARCH 2009 ⅐ VOLUME 113, NUMBER 13 For personal use only. on April 20, 2017 . by guest www.bloodjournal.org From associated infections and other toxicities are still a major barrier to transplantation success. In the present study, recipients of URD transplants had a higher TRM than HLA-identical sibling transplant recipients for AML, but not for ALL or CML.
Higher TRM using URD compared with HLA-identical sibling donors may partly be due to URD transplantation being associated with more GVHD. However, even in patients without acute and chronic GVHD, recipients of URD transplants still had a similar relapse rate and lower LFS, suggesting an increased TRM in URD recipients compared with recipients of HLA-identical sibling grafts for all 3 diagnoses (Table 5 ). This discrepancy may be explained by the possibility that mHags are important for immune defense. This is further corroborated by reports of higher frequency of infectious complications and infectious deaths in URD transplant recipients, compared with recipients of HLA-identical sibling grafts. 30 We want to stress another possible explanation, namely that the patients receiving URD transplants are treated with additional immunosuppression, such as anti-T-cell antibodies and high doses of immunosuppressive agents and, therefore, run a higher risk of infectious complications and TRM. 31 In AML patients with acute GVHD, URD and HLA-identical sibling transplants had similar TRM. This may be attributed to the fact that patients with severe acute GVHD have a poor outcome, regardless of the type of donor. In AML patients without GVHD, TRM was increased in the URD group, which may be due to that infections are more common using URD for the above mentioned reasons. 30 The most important finding from this study is that a similar risk of relapse was observed using URD or HLA-identical sibling donors in ALL and CML regardless of disease stage. This was observed in patients with and without acute and chronic GVHD. Hence, using high-resolution HLA-typing of URD results in similar GVL effect to transplantation using HLA-identical sibling donors. The data suggest that the GVL effect is mainly associated with chronic GVHD. A profound GVL effect in the presence of chronic GVHD is in keeping with previous studies in HLAidentical sibling transplantations. 1,2,4,32 A previous IBMTR study, however, observed correlation of acute GVHD with GVL activity in patients with ALL and chronic GVHD in patients with AML and CML. 1 The discrepant findings regarding the relative role of acute and chronic GVHD and the associated GVL effects may reflect a close correlation between acute and chronic GVHD. [33] [34] [35] Therefore, in some patient populations it may be difficult to differentiate the GVL effect of acute GVHD from that of chronic GVHD. It is likely that both acute and chronic GVHD contribute to the GVL effect.
The immunosuppressive therapy is also of importance for GVL. 2, 8, 9, 11, 16, 31 This study included patients of all stages. Most patients in this study had early disease. A GVL effect is most obvious in early disease. 2 This is in agreement with the present study: chronic GVHD was associated with decreased relapse in AML CR1 (RR, 0.65; P ϭ .05) but not in more advanced disease (RR, 0.82; P ϭ .3).
We have to interpret these data with caution, because of limitations using retrospective registry analyses. Although multivariate models may have adjusted for the various disease and biological factors including WBC count, cytogenetics, disease stage, and duration of CR1, there may be factors of importance that we have not been able to take into account. For example, we do not know the number of courses of chemotherapy required to achieve CR in patients with acute leukemia and the number of patients with extramedullary leukemia. Furthermore, approximately 30% of the patients also had unknown cytogenetics (Table 1) .
Some of these may have contributed to higher relapse observed with URD transplants in patients with AML. To support this, there was a trend for more patients with intermediate and advanced disease stage and fewer patients with early disease stage in the URD group. Furthermore, it is not the standard practice to perform a transplantion in a patient with AML with normal karyotype in first CR using an unrelated donor, unless the patient has other poor prognostic factors, which could include more than one course of chemotherapy to achieve CR, hyperleukocytosis, or extramedullary disease. An increased relapse risk in the URD patients was seen in AML CR1 and also in more advanced disease. This may suggest that there may be several reasons for the increased risk for relapse in the URD AML group, such as selection bias and more heavy immunosuppressive therapy. With increased immunosuppression, the GVL effect may be decreased. 36 Relapse in the URD AML group was statistically significantly increased in all patients (RR, 1.5; P ϭ .002; Table 4 ) but not in those without acute or chronic GVHD (RR, 1.33; P ϭ .16; Table 5 ). The reason for this discrepancy is most probably the lower number of patients in the latter analysis.
Some investigators propose that it is possible to separate the beneficial effects of GVL and the deleterious effects of clinical severe GVHD. [23] [24] [25] 37 Broadly expressed mHags and malignancyassociated minor antigens may be involved in a complex interaction that define the given patients' risk of clinical GVHD and relapse. 24 Minor antigens expressed by the recipients' malignant cells and tumor-specific minor antigens may be a target for graft-versus-host immunoresponses. Our data suggest that the GVL effect is closely linked with GVHD. Therefore, to best utilize the GVL effect with minimal toxicity would require limiting GVHD to mild acute and mild chronic. 1, 17, 32 Although chronic GVHD decreased relapse for all patients with leukemia in this study, acute and chronic GVHD had a negative impact on LFS in patients with CML (Table 4) . Thus, chronic GVHD is not associated with improved LFS for all patients with leukemia. 1, 2, 4, 32 Some studies have suggested a GVL effect in the absence of GVHD, because HLA-identical sibling transplants without GVHD had a reduced relapse risk compared with syngeneic transplants. 1,38 Therefore, we compared relapse and LFS in URD transplants and HLA-identical sibling transplants in patients without any acute or chronic GVHD (Tables 5, 6) . In this analysis, relapse was the same in patients receiving URD and HLA-identical sibling transplants, suggesting similar GVL effects also in this cohort of patients.
We conclude that GVL effect is not superior using URD compared with an HLA-identical sibling donor. This is done with In patients without acute or chronic GVHD, LFS is decreased in URD compared with HLA-identical sibling transplantations for AML, ALL, and CML URD indicates unrelated donor; Sib, HLA-identical sibling; AML, acute myeloid leukemia; ALL, acute lymphoid leukemia; CML, chronic myeloid leukemia, GVHD, graft-versus-host disease; CI, confidence interval; and CR1, first complete remission. RR for reference group (sib) is 1.0.
*Model also adjusted for duration of CR1 and cytogenetics, and stratified by disease stage, Karnofsky score, and graft type.
†Model also adjusted for patient age at transplant and stratified by disease stage, Karnofsky score, and graft type.
‡Model also adjusted for patient age and stratified by disease stage, Karnofsky score, and graft type.
the reservations that recipients of URD had more poor risk factors. Some were obvious and controlled for, and some probable risk factors, especially in the AML group, were not reported and collected. These data may also raise questions regarding the relative importance of mHags as targets for GVL effects and generate a new impetus for more research in this area. Finally, URD is a good alternative in the absence of an available matched sibling for patients with acute leukemia with an indication for HCT.
